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Astrobiology at NASA

(1963-present)

Interdisciplinary study of life in the context of the 
Universe, focusing on three fundamental questions:
1. How does life begin and evolve?
2. Does life exist elsewhere in the Universe?
3. What is the future for life on Earth and beyond?
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National Aeronautics and Space Act
20102. Congressional declaration of policy and purpose

Objectives of Aeronautical and Space Activities.—The aeronautical and space activities of the United States shall be 
conducted so as to contribute materially to one or more of the following objectives:
1. The expansion of human knowledge of the Earth and of phenomena in the atmosphere and space.

2. The improvement of the usefulness, performance, speed, safety, and efficiency of aeronautical and space vehicles.
3. The development and operation of vehicles capable of carrying instruments, equipment, supplies, and living organisms through space.

4. The establishment of long-range studies of the potential benefits to be gained from, the opportunities for, and the problems involved in the 
utilization of aeronautical and space activities for peaceful and scientific purposes.

5. The preservation of the role of the United States as a leader in aeronautical and space science and technology and in the application 
thereof to the conduct of peaceful activities within and outside the atmosphere.

6. The making available to agencies directly concerned with national defense of discoveries that have military value or significance, and the 
furnishing by such agencies, to the civilian agency established to direct and control nonmilitary aeronautical and space activities, of 
information as to discoveries which have value or significance to that agency.

7. Cooperation by the United States with other nations and groups of nations in work done pursuant to this chapter and in the peaceful 
application of the results thereof.

8. The most effective utilization of the scientific and engineering resources of the United States, with close cooperation among all interested 
agencies of the United States in order to avoid unnecessary duplication of effort, facilities, and equipment.

9. The preservation of the United States preeminent position in aeronautics and space through research and technology development related 
to associated manufacturing processes.

10. The search for life's origin, evolution, distribution, and future in the universe.
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What can we learn 
about searching for
life, by studying 
the Earth?

1. Life is tough 
(extremophiles)

2. Life is tenacious (long 
survival times)

3. When conditions get 
tough, life moves inside 
the rocks!

4. Life is metabolically 
diverse (it eats anything, 
it breathes anything!!)
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Interior environments 
may be more similar to Earth:

- possible subsurface oceans, 
both hot and cold

- subsurface rock, similar (?) to 
inhabited Earth rocks

The unaltered surfaces of most planets      
are cold, and by being cold, are dry

Planetary Environments are Diverse
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• Origins
Return and analyze a sample of pristine 
carbonaceous asteroid regolith 

• Spectral Interpretation
Provide ground truth for telescopic data of 
the entire asteroid population

• Resource Identification
Map the chemistry and mineralogy of a 
primitive carbonaceous asteroid 

• Security
Measure the Yarkovsky effect on a potentially 
hazardous asteroid 

• Regolith Explorer
Document the regolith at the sampling site at 
scales down to the sub-cm

New Frontiers: OSIRIS-REx:
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New Frontiers: Dragonfly
Dragonfly is a dual-quadcopter rotorcraft lander 
to explore prebiotic chemistry and habitability 

at dozens of sites on Saturn’s moon Titan

Aerial mobility provides access to 
Titan's diverse materials in different 
geologic settings, tens to hundreds 
of kilometers apart

Dragonfly takes advantage of Titan's 
unique organic laboratory to 
understand how far chemistry can 
progress in environments that provide 
key ingredients for life
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New Frontiers: Comet Astrobiology 
Exploration Sample Return (CAESAR)

CAESAR will collect and return to Earth the first sample
from the surface of a comet nucleus. Analysis of the
sample in worldwide laboratories will help answer
questions regarding the nature of Solar System starting
materials, and how these primitive components came
together to form planets and give rise to life.
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Predecisional information, for planning and discussion only. * Conceptual

*
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Exploration of 
Ocean Worlds
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Earth Ice-covered moons

Exploration of 
Ocean Worlds

30x Earth’s 
water volume!
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Europa
Focus of Future 
Astrobiological Study
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Exoplanets: Next Generation
Space Telescopes

LUVIOR

Credit: Aaron Gronstal
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Ladder of 
Life detection

Neveu et al. (2018), 
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Neveu et al. (2018), 
Astrobiology



• The Center for Life Detection Science (CLDS) is an Ames-Goddard 
collaboration developed to support NASA’s emerging life detection 
objectives. 
• The initial objective of the CLDS is to develop a web-based platform in 

which to compile, organize, and curate a “living” repository of information 
and community dialog relating to life detection science. 

Stakeholders:
1. Life Detection Science Community
2. Mission/Instrument Community
3. NASA Headquarters

Ladder of Life Detection Next Steps:
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Biosignature Class

Biosignature Type

Observables

Physical Parameters

Context

Criteria 1

Criteria 2

Criteria 3

Criteria 4

Criteria n

Currently in development, the CM will be a dynamic, filterable table used 
to compare multiple features at a highly distilled level.

Search
Apply Filters:
q Biosignature

Class
q Biosignature

Type
q Observables
q Physical 

Parameters
q Environments:

q Context 1
q Context 2
q Context 3
q Context n

Narrative document that conveys 
background relevant to a given 
feature and discusses individual 
criteria at an expanded level of 
detail.

Hypothesis 

Arguments 
pro 

Arguments 
con 

is supported by is contradicted by 

derived from 

presented in 

Evidence Evidence 

Research 
paper 

Research 
paper 

grouped in grouped in argument 
category 

argument 
category 

Organizes published papers and 
ongoing community dialog 
according to its bearing on a 
specific criterion for a specific 
feature in and specific
environment. Based on the 
preexisting “Hypothesis Browser”
platform, a community based 
system for indexing and organizing 
scientific papers based on 
hypotheses that they support or 
contradict.



Any Questions?


